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NAT 10NAL ADVISORY (50L!MITTEE S?OR AERONAUTIC S

l!ECHNICAL NOTE NO* 890

“ PRESSURE DISTRIBUTION ON

M131WING AIRPLANE MODEL

By James B.

THE FUSELAGE OF A

AT HIGH SPEEDS

Delano

SUMMARY

The pressure distribution on the fuselage of a mid-
wing airplane model was measured in the NACA 8-foot high- ‘““ ‘“”
speed wind tunnel at speeds from 140 to 440 miles per
h-our’for lift coefficients ranging from -0.2 to 1.0. T!he “.‘“.:-
primary purpose of the tests was to provi~e data shnw~!ig-’ -——

the air p’re.ssur.eson various parts of the fuselage for
use ,in structural design. The data may also be used for

● the desi,gn of. scoops, and verits$ —L ... .-- -,—-. :.__ *--

The results show that t~,e highest nega.tivp pressures
. “occurred near the wing and were more depepdeit “orithe

wing than on thb”;fuqelage. At high speed.s-”thema~nitu”de
of the pressure” c“o-efficients as predicted. from .pres’stire

. coeffic,i”,ents-.expe”r~fientally determined &tlow spe”eds”hy

app’”licatio.nof. the theoretical factor 2/~1-M% (whir:-
M is the ratio of the airspeed to the spe”ed”of ‘sdund fn

,’ air) may misrepresent the actual conditions. At the.”-
points where the maximum negative pressures occur rtid,

-.

however, the variation~f” the pressure coefficients was- “–
in good agreement with the theoretical” factor , indicating ““
that this factor may afford satisfact~ry predictions of -
critical speed, at least for fuselages similar to the
shape test%d. ...

INTRODUCTION -.

The local pressures on sortieparts of the fuselages
of high-speed airplanes are so large that they must be
considered. in the Structural design, especially” of”-iuch
parts as doors over bomb bays and other openings. -The
primary purpose”of the present investigation was to pro-
vide data useful ii the structural design of suqh p-arts.” ‘-
The:dataare also useful for the design bf air *COOPS .

and vents (reference 1)s
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The tests were .made i.n the NACA 8-focst high-speed
wind tunnel (reference 2) with a model wing mounted on
a model fuselage without ‘propeller or tail surfaces. The
test speeds were extended up -to 440. miles uer. hotm to

ascertain the effectrs of compres”silility “on the preBsures,
The fuselage angl%q ,o.fattack ranged f,rw.-+.? to 9° corre-
sponding to lif”t coe”ffic”ients from”--”Oi2 to 1.0. The
Reynolds number range,. based .onthe ,mean chord of the ._
model (17.2S in.), w“as’”1;700,.0’00‘+0’4,800,000.

APPARATUS AND “METHOD

,.
.!lhefmsel;gq’ was a body of rpt?.olption“bf:”NACA form

111~ (ra,fe,~enc”e”+)modified’ to.a ,f$he.tibssra?iq of. 6.06.
.

The wing .(f~gfl .1) was a l/8-scal&:”.mo~el~o.f”the i)c-3
tran.spar.tw,ing,:whjch has “a “root’s6ctitin of ?ACA 2215
profi~.e,, and was..”sqtat. an’ inci..de.qce.of ~“l””tb the fuse-
.lage..@xi8. The wing ~.ips pxtend.bd,.t~rough. the- tunnel
wall to support the mo”del. “ Tai-l Gti-~fac”@.s.”andpropeller
were omitted. Thirty-nin-e presstit~ ‘orifices located as
shown in -figure 2 .w.er.euse,d~ Tha”pr,es.su.retu]_e.s.were led
out of+th= tail. .etid,..o,ffke ,f-uiel,age.’(.fi~..l{b)) “and con-
nected. to a rnult’i~le-tu.bemanometer, ,wh.er:e,.a”zl”the prbs--,,
sures were phot.o”gzaphi,ca”l.ly.re.corded at. one “’time; This
investi.g4tLon was”maqe’in the .lT~CA8-$tio.t.3f&h”-Aspe:ed wind
tunnel,, a. single-return, closed-th>”o&t’ wi’n-dt“tinntilo“f
circular- cross secti”o”ri. : “ . ~...

.,

RESULT’S” “. . .
.,

,The results have” been “cor”retited‘for ccinetriction ef-
fects and ‘are presented as nondimensional pressure “coef-
ficients:

where

-... -.
-. .-—.

-.

AP 100al stktic preisure””c3n f“usela.gtile!ss etatic pressure
,, ‘ofi.ai”%stream ; ●

:...

q dyziamic pressure of air stream (1/2pVQ) “.
●

.
The Macti number M “is the,ratio”o$ the airspeed to

the”spe~d””of: soundin air:”atithe temperattire of “the tests.
,.
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In all the figures showing values of P for fus”6-
lage angles of attack af = 0° and “6°, the v-alues for
speeds below 200 niles per hour (M = 0,265) were taken
from cross plots against af; consequently, experimental
points are not shown. The”location of a @oint along any
meridiam of the””fuselage is given hy x/L , where x is
the distance along the axis of the fuselage mea-sure~ from
the nose and L is the length of the fuselage, -Figure 3
is a plot of the lift coefficient for ii = 0.182 (140 mph
at 59° X) for the fuselage angles of attack used in these
tests. Figures 4 to 8 present the pressure distri%utlons
along various meridians of- the fuselage as @et-s OT

~..,

with the meridian angle w (fig. 2) and the fuselage ““ ““”-
angle of attack as parameters, “for M = 0.16-2”. ‘-K’compar—

—.. .

ison is shown in figure 9 betw-een experimental pressures
obtained o“n the wing-fuselage combination _and the theoret—
ical pressures on the fuselage alone and o-n the wi”ng~-”~one

..——

for af = OO. l?igures 10 and 11 show plots of P-- along
the top and the bottom meridi.aris (w = 0° and 180~), re–
spectively,. i~ith’ af as a parameter, for M = ~.18~. .—

--—-

The variation of P with M at the different merid-
ian’ angles ,is shown in figures 12 to .16 for af = Oo. At
high, Sp~.QdE, the scatter of the experimental points ih–

—

.creas,e.a. !L?his-increase is mainly due,to the use of mer– J.
cury to measure the pressures at hi~h speeds; where-as
alcohol and carbon tetrac,hloride .wqre used at lower speeds=
The results for af = —1° were essentially the s“ame as ‘“-”
those for af = Oo and are therefore omitted. Co.mpar”i—
sons between the experimental variation with speed of the
maximum negative ‘pressure’ coefficients e.n~ the ‘theoretical

variation given by Po/~l – M2, ‘“”-P. “is the value ““–-wher e
of P at M = 0“, are given in f igur_O”17. .

DISCUSSION
.--.

. .
-.

Tiguros 4 to 9 show, as would be expected, that the
higher negative prossuros on the fuselage surface occurred.
near portions of the win”g that produced the highest nega-
tiyo pressures At low speeds, th-e preseficci of-xh% w~”ng
increased the maximum .nogative ‘pressure coefficient on
the fuselage from P = -0.140 to” –0,340. (see fig. 9.)
At 400 m“iles per hour, “the load increased “by 0.24qj which,
at standard sea—level con-ditions , represents approximately
100- pO~nas per square foot, It is believed that the ~-n-..

. .~
.-



crease in air loads wil”l be high br. for points closer to
the wing than for. those used in these tests.

,,
Figure 10 shows that the maximum negative pressure

coefficient along ‘the top “of the fusslage (a = 0°) i8
almost directly proport~o’nal to af ; figures 4 to 9
show that, along the 450” merfdian, t-he rate of change of
the maximum negative pressure” coefficient is grester and
increases more i.api.dlyas” “df fs~ncreased, at least
for the angles of attack used”in “the&e tests. The pres-
sures over the fuselage “alone were not measured, but es
analysis of the pressures over. an airship hull reported
in reference 4 shows “tihatt“he:.imagnitudgof the .rnaximum
negative pressures.:on .the.fuselag:e” at”large angles of
atitack”.will still be”.largely dependent on the wing. I?i
ures “5 and 8 show that an increase in af from 0° to 9f-

may triple the value df P. “The maximum Structural
loads, nevertheless~ .~ill genere.lly occtir at high speeds.

Xor twb-dimensionalfl ow, a the,oretical .variation

;f;t%+
??essUre coefficient with 8p0ed is given by

(referenci ,5),. Re~”e~$ric6‘~ and the resulte
o? “tests In the 8-”foot ‘~igh-~peed’”wind tunnel and in
other tunnels show” tkat, for a~rfoil~, .&he theory may
under est imaw the effe,ct, of .~pepd;, the most probable cause
of the disdreparicy i,s’the””.q,q~u~ption made” in the developm-
ent of the ‘theory th~t:’tihe $n$tic~d velocities are n=cli -
gi.bly small. It ~tis-~ornet~rnes’btierih~su~ed that the vari -
~ti.on of the preqsur”e ”coeffi.c~.enb”~given .~Y Fo/~ 1 - M“

e.ppliesto three-dimensional .a’s.,w8~l””as to two-d inensi.onal
flow. ,,

..::.

Figur~s 12 to 16 <nd~c~te’ that, where the value of
tihe pressure coefficient P was less than -0.2 at low
speed, the coefficient decreased - that is, became more
negative - as the speed was increased. At points where
the value of P was between -0.1 and -0.2 at low sneed,
the coefficient remained virtually constant as the speed
was increased; andj at points where the value of P was
greater than -0. I at low speed, the coefficient increased
as the speed was increased. Thts apparent dependence of
t-he type of pressure-coefficient variation on the magni-
tude of P may be a coincidence. ““The type of variation
.may depend on.t-he.proxtmity.of the wing “and may result
from.wing and fuselage.”pressures following different rates
of variation. There -5.?nedd”for~.ftirth~r. investigation of
the way in which pre~s~re5 vatiy:with..s~eed. At points
where the value of P was greahm than -0.1 at low speorls,
the effect of compressibility on the pressure coefficients

t .,-

.

.-

. —

.-

.

●
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was -’opposite “from that expected on the basis of two-
dimensional the”dky. The results show that! at high

$ speedsj- the magnitude” of the pressuie coefficients as :.
predi~c,tedf~rom pres”Bur-e coefficients s“xperimentally .de-
terrnineii””~tlow sp”e”edby appl%catiohof the. theoretical..
fac+or ; 1// i“-; M= ; ‘,may misrep”retient the a’c;u~~-’c~”-

.* ti.ons.
..”. :.. —.-,-- ..

—.-

.

At,’’the p“oi.nt’’s.”,onthe” ,fusel%ge where the Qaxi.-mum
nega,t,ive.preisuie s.’”o”c;curred,the effec’i o~ co-m-@ress Lhil-
ity on the pr6Asur-e c“~effi”cients agreed fairly well with
the variation g~+en’ ‘by~~{he two-dimensional theory, as is
sh”own In ‘f.”t@ire”1.7-.. ‘The broken curve represents the

““theoretic,ql va~u~’”df ..P ‘given “by Po}~l - Mm. The .
agr.eeme,n,tis qtiite .sat,f~fa.c’i’oryup to ““M = O. 6 and indi-
cates that the usd’of this theoretical factor to c“alcii-late

1 maximum loads due “tb negative pr”essures~ although ustially
not cons& rv’zative,: may be permissible. . This agre.e~ent .
also indicates that the maximum. n gat ve pre~surs coeffi-

%-+cients obtained from low-~peed ??es s o predict approxi-
mately the critical speed of the fusAelage. This conclu-
sion should he. considered tentative until j.nvestigated hy
tests of, other models. .

Althoug~ these test”%~de ~ri~arily to determine the
—

. air loads on the fuselags~ they show the effect of wing-
fuselage interference on the critical speed of an air-
plane. A comparison of the pressure distribution for

● the fuselage alone with the pressure distribution for
the fuselage and the wing combined (fig. 9) indicates
that the critical speed of the fuselage in the present=
of the wing will be lower than that of the fuselage alone
(about laU mph at 59° F lower ”for this wing-f%s-elage cOm-

1 bination). The interference of the fusela~e will act .
similarly to decrease the critical spe”ed of the wing and?
since the critical speed of the wing alone is generally
lower than the critical speed of the fuselage alone, the
wing of an airplane will generally have a c?itical speed
lower than the critical. speed’ of the fuselage. -..

.

CONCLUDING REMARKS

1. The highest negative ~ressures on the fuselage
occurred near the wing and were more dependefit on the
wing than on the fuselage.

—.

2. The results indicate that the oritical speed of -
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the ftiselage” will”’be:decrea.sed btieause “of the-velocities
induc&d by the -wing. The ’fuseJ.age interference will
likewise increase the” local velocities on the’wing.and
thereby decrease the crit-ical spe,e(i.of the. wing. IllaB-
much as the local velocities on the,wing areutiually
higher than the, local velocities .on t-he..fpde}age, the.
effect on the wing will be more c“rit-ical.

,

t

●

3. At high speeds, the. magnitude of the pressure
., coefficients as prsdicted by t,h.e..app.li.cat_ion.,ofthe the-

oretical .f?cto~. l/~ (where, Ii i? theratio of
the airspeed to-the speed of sound in &\T:) t-opressure
coefficients measuredat low speeds. may misrepresent Khe
actual conditions. At the points-~here, the maximum nege-
tive pressures, occurred,.. however, the variation of the

.—

pressure coefficient n.i~h speed was in go.gda~re..e.rn~n.t.._. .—-—
with the’ factor . l/.d~, at leaet up to .li = 0,58
(440 mph at 690 “)?),-and may give satisfactory predictions
of “critical. speed” from data” obtained at low’speeds.

., ,-
.

,,
Langley Memorial Aer’onaut’ical ~;bo~-atory~,

National Adv5aory Committee- for Aerori&titics,’
Langle~ Fi.,e.l.d,V,R,, September. 11, ~539.,
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Figure 2.- Location qf pressure orifices on the fuselage.
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Figure 3.- Variation of lift coefficient with angle of attack
for the wing-fuselage combination tested.
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